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Greening growth in Luxembourg
By Nicola Brandt 1
Luxembourg has rapidly reinforced in its position as an economic centre
Abstracting from the recent recession Luxembourg has experienced strong growth over the past twenty years, averaging close to 4% annually. Luxembourg City has reinforced its position as a regional economic centre. The country's population has grown strongly, from 385 000 in 1990 to 511 000 in 2010, mainly as a result of immigration. Employment growth, which is concentrated in Luxembourg City, has grown even faster, leading to an important increase in commuter traffic, a large share of which comes from across the border ( Figure 1 ).
Figure 1. Employment developments: residents and cross-border workers
In thousands of workers Source: STATEC.
Luxembourg's impressive development into a transborder regional economic centre has not come without environmental pressures. Commuter traffic has increased significantly, the largest share being due to the car. This has lead to congestion, local air pollution and considerable CO 2 emissions. Luxembourg's per capita greenhouse gas emissions are high in international comparison ( Figure 2 ) and adjustment requirements to meet EU 2020 targets for emissions outside the EU ETS system are large (Figure 3, B) . While Luxembourg's development towards a service economy and technological changes in the steel industry had led to sharp reductions in greenhouse gas emissions from industrial processes and combustion 1. The author is a member of the Economics Department of the OECD. This Working Paper is based on Chapter 2 of the OECD's 2012 Economic Survey of Luxembourg which was prepared under the responsibility of the Economic and Development Review Committee. Compared to the Survey chapter, this paper contains minor updates reflecting recent policy developments. This work has benefitted from discussions with Tom Becker, Mark Hesse, Piritta Sorsa, Jean-Marc Fournier and Bob Ford. Valéry Dugain provided excellent research assistance. Total Residents Cross-border workers during the 1990s, these have been largely undone by strong emission increases owing to fuel sales to nonresidents and -to a lesser extent -the local fleet (Figure 3, A) . The building of a single combined heatpower generation plant with a installed electricity capacity of 350 Mega Watt, together with the development of smaller co-generation plants, led to emissions from the energy sector in the 2000s, which had been nil before, as Luxembourg had depended on imported electricity only. Turning around trends in the transport sector will be essential for Luxembourg to reach its Kyoto target in a cost-efficient way. Given the scale of the rise in fuel sales to non-residents, it is hardly conceivable that other sectors could make up for this through sufficient emission reductions at reasonable costs. Tonnes of GHG emitted per capita 1. OECD area excludes Chile, Israel, Mexico and Korea. 2.
Gross direct emissions excluding emissions or removals from land-use change and forestry (LULUCF). Source: OECD, National Accounts database, Environment (Air and Climate) database and OECD calculations. In Gg (1 000 tonnes) of CO2 equivalent 1 . EU 2020 targets now concern emissions outside the EU ETS only. Therefore the panel B shows emissions outside the ETS for those years where the ETS scheme was in place. 2.
Data referring to 2011 are provisional. Source: Ministry of Sustainable Development and Infrastructure, Environment Department. Employment and population growth in Luxembourg have been accompanied by urban sprawl, which has also favoured car traffic and led to considerable land use changes. The share of the built-up area has more than doubled over the last twenty years and the share of Luxembourg's area covered by the transport network has increased by 30%. This has entailed important increases in sealing (impermeable soil due to changes related to construction works). This has already started to cause an increased incidence of floods and it poses threats to biodiversity (Schulz and Chilla, 2011) . The share of sealed surface area in Luxembourg is important compared to other countries with similar or higher population density (Figure 4 Sealing refers to a change in the nature of soil, mainly through construction works, which renders it impermeable.
Source: European Environment Agency and the World Bank.
Since urban sprawl and road transport are the main causes of environmental pressures associated with Luxembourg's economic growth, this paper focuses on these two issues. The first part discusses policies to improve pricing systems for road traffic and the ensuing externalities. This is important because the recent growth in greenhouse gas emissions ascribed to Luxembourg in recent years is a result of a strong trend increase in commuting dominated by the car, notwithstanding efforts to promote public transport, walking and bicycling, as well as fuel sales to non-residents related to Luxembourg's comparatively low taxes on petrol and diesel. The second part discusses urban planning and housing policies, given their potential role in promoting denser settlements with shorter commutes, favouring walking and bicycling and better connections to public transport.
Transport investment and pricing

Fuel taxes are among lowest in Europe generating high fuel sales to non-residents
The largest part of the increase in emissions in recent years is due to automobile traffic. A large share is owing to fuel sales to non-residents, accounting for an extraordinary 70% of all fuel sales within the country (see Figure 3 ). This is mainly related to Luxembourg's relatively low fuel taxes, which weaken incentives to use public transport, induce commuters to fill their tanks in Luxembourg and create strong incentives for both private car owners in the region and drivers of heavy vehicles in transit to take a detour to also fill up their tanks in Luxembourg ( Figure 5 ). While some of this simply replaces emissions that would have been ascribed to neighbouring countries had drivers bought their fuel there, there are probably additional emissions due to extra trips and detours taken to buy fuel in Luxembourg. Related to sometimes heavy traffic NO 2 concentrations in some areas continue to exceed limit values defined by the EU to limit adverse health effects, as do ground-level ozone concentrations, notwithstanding improvements ( Figure 6 ). The EU limit value requires that the daily maximum of eight-hour moving average should not exceed 120µg/m 3 more than 25 days a year. This is intended to limit negative health effects. Source: Ministry of Sustainable Development and Infrastructure, Environment Administration.
In part owing to cheap fuels, the share of cars in trips to work is significant in Luxembourg. 86% of commuters from neighbouring countries use mainly the car to get to their workplace, down from 91% in 2007 (Schmitz and Gerber, 2011) . The number of cars per inhabitant is high in Luxembourg compared to other European countries (Figure 7 ). The share of the car in trips to work is also high compared to other regional centres in Europe, more akin to urban centres in North America, and the share of walking and bicycling is low (Figure 8 ). 
Fuel taxes do not cover environmental costs
It is Luxembourg's declared goal, formulated in its national sustainability strategy, to gradually raise taxes on fuels, while taking into account the effects on its budget. Some studies suggest that around 10% of government revenues may be due to fuel sales to non-residents, as people who fill their tanks in Luxembourg also tend to buy tobacco and other goods that are more lightly taxed than in neighbouring countries (Thoene, 2008) . Transport fuel sales to non-residents concerns cross-border commuters who choose to fill their tanks on their way to work rather than at home, residents of neighbouring countries who make extra trips to Luxembourg to buy fuel and drivers of trucks in transit who often fill their tanks exclusively in Luxembourg. A share of these groups might move to buy fuel elsewhere when Luxembourg increases fuel taxation. However, reliable studies that assess the elasticities of fuel demand in Luxembourg are rare. There is one study, which tries to assess possible effects on fuel demand and government revenues of higher fuel taxes based on a simulation model with alternative assumptions concerning the demand elasticity with respect to fuel price differences with neighbouring countries (Thoene, 2008) . The model suggests that even when assuming relatively high elasticities, there is a range of price increases that would not reduce government revenues, while leading to lower fuel demand. Yet, a price increase of 10 cents for diesel, which would be needed to roughly match excise taxes in neighbouring countries, is estimated to reduce associated government revenues by almost 50%. However, the study is based on relatively weak data on truck transit transport and trips to Luxembourg by drivers from neighbouring countries. Luxembourg should work to gather better data on these issues and build on this study to obtain reliable information about possible revenue effects of higher fuel taxes. This would be important information to understand to which extent revenue losses would need to be replaced through spending cuts or tax increases elsewhere, when fuel tax rates are gradually increased to those prevailing in neighbouring countries.
It would also be good to develop a better understanding of the extra emissions caused in the region through detours and extra trips taken by non-residents, including drivers of heavy vehicles, to fill their tanks in Luxembourg. These extra trips as a result of tax competition run counter to joint efforts with European partners to limit GHG emissions and air pollution and they contribute to congestion and pollution in Luxembourg. The government should consider commissioning a study of the benefits of higher fuel prices in terms of reduced congestion and pollution and lower greenhouse gas emissions, perhaps jointly with the European Union and neighbouring countries.
The European Fuel Tax Directive seeks to set minimum taxes for petrol and diesel, ensuring that different fuels would be taxed in line with their carbon content. This would imply that minimum tax rates for diesel would increase to €0.393 per litre by 2018, well above Luxembourg's current rate of €0.32 per litre. Luxembourg should collaborate in this process to help avoid harmful tax competition in Europe and ensure that tax minima are sufficiently high to allow every member country to adequately price externalities related to fuel use. A thorough study assessing the costs and benefits of higher road prices would help shed light on this issue. More generally, this should also go for other issues, such as health hazards associated with tobacco.
Independently of the European directive, there is a strong case for Luxembourg to review its fuel taxation. Diesel is taxed much more lightly than petrol, although it has higher carbon content and it generates more pronounced local externalities, in particular health-threatening pollution. In fact, the carbon price implicit in diesel taxation is negative after deducting estimated costs of local externalities from the tax to take into account that fuel prices approximate other externalities in addition to CO 2 emissions ( Figure 9 ). More generally, implicit carbon prices generated by taxation differ widely across different fuels and electricity (Table 1) . This means that carbon emission mitigation is not being pursued at least cost. Luxembourg should bring carbon prices more in line across different sources to price externalities more efficiently. This will require a higher tax on diesel. The implicit carbon price for diesel and gasoline is obtained by subtracting the external costs of negative externalities from the carbon price implied by the excise tax. The implied carbon price is computed by converting the excise tax per litre to a tax per ton of CO2 after deducting the estimated cost of a range of externalities associated with burning fuel. The conversion is done based on a CO2 content of 2.7kg of CO2 per litre of diesel (light fuel oil for households and industry), and of 2.24kg of CO2 for petrol (premium unleaded for households Luxembourg has a reduced VAT rate for solid mineral fuel (12% as opposed to the standard 15%) and for natural and liquefied petroleum gas and electricity (6%). Moreover, the sale of coal is subject to a zero excise tax rate, as is the sale of diesel used in agriculture. Luxembourg plans to achieve largescale emission reductions through higher energy efficiency standards for new buildings and financial help for retrofitting the existing housing stock. Pricing externalities associated with domestic energy use will be essential to create incentives for households to take up financial help for retro-fitting and it would also contribute to the cost efficiency of these measures. These tax rebates should therefore be reconsidered to price fuel use more in line with its externalities. The extra revenues could contribute to compensating potentially lower fuel tax revenues that Luxembourg may have to accept to end fuel tax competition with neighbouring countries and price externalities related to transport fuel use. 
The implied carbon price is computed as the amount of the tax levied per litre times the amount (litres) of fuel that needs to be burnt to reach a CO2 emission of one tonne of CO2eq. One litre of diesel (light fuel oil for households and industry), petrol and LPG (liquefied petroleum gas) is assumed to produce respectively 2.7, 2.24 and 1.7 kg of CO2. It is assumed that 4 535 269 kcal of natural gas generates 1 tonne of CO2 and that burning 1 kg of coal generates 2.93 kg of CO2. HH and IND refer to households and industry, respectively. 2.
Data refers to 2010 Q4 on diesel for Canada and diesel and petrol for the USA. Source: OECD calculations based on data obtained from International Energy Agency (2011), Energy Prices and Taxes, Paris.
The share of public transport remains modest
Luxembourg plans a number of new infrastructure projects to promote public transport and limit congestion. A new railway is planned between Luxembourg and Bettembourg and the LuxembourgPétange line will be extended to double the rail track. In Luxembourg City, new hubs will be built at the periphery and outside the centre to relieve the central station and Hamilius, the central exchange hub for buses. The new hubs will be linked by a tram and tangential buses so that people can go directly to workplaces in the periphery without going through the centre. This would be a welcome shift from star-like transport system to a network, with the potential to shorten travel times and reduce congestion. The tram will replace buses in central areas, nearly tripling capacity, to reduce traffic jams and pollution. The transport plan also includes new road infrastructure projects. Given that the intention is to favour public transport, there may be a case for focusing on extending the public transport infrastructure instead.
Luxembourg has ambitious plans to increase the share of public transport and walking and cycling in total trips. Higher prices for individual road transport along with extensive investments in public transport will be needed to reach these goals. The government plans to increase the share of public transport in motorised transport from 12% in 2002 to 25% by 2020. Improvements in the quantity and quality of public transport offered have led to a substantial increase in its use in recent years. However, given the dynamic development of population and employment in Luxembourg car traffic has risen at the same time. This is why the share of public transport has increased only little. The use of public transport at the national level has experienced a rather moderate shift from 16% towards 17.8% in 2009 whereas the use of public transport of cross-border workers has risen more strongly from 9% in 2007 to 14 % in 2010. However, these data are based on a rather small sample of surveyed households. The last comprehensive household survey dates back to 1995. To obtain more reliable up-to-date mobility data it would be good to conduct another household survey. Luxembourg is a leader in short trips of below 5 km made by car (more than 70% compared to 5% in the Netherlands and 30% in Denmark) rather than walking or bicycling, suggesting that the full costs of taking the car are not sufficiently internalised. Only 13% of trips in Luxembourg are made by bike or by foot, although 40% of trips are shorter than 3 kilometres. Luxembourg wants to double the share of walking and biking to 25% by 2020.
Luxembourg should also continue to improve co-ordination with adjacent regions to promote public transport. This process has been complicated by the large number of actors in the region and difficulties in deciding on cross-border burden-sharing. Nevertheless, Luxembourg has provided financial support to extend public transport beyond its borders. There are some unified ticketing systems and a few rail and bus lines operate into neighbouring regions with full or partial financial support from Luxembourg. Making technical and commercial co-operation with neighbouring regions more effective remains a priority, including the exchange of traffic data, coordination of timetables, harmonisation of fares and the wider introduction of mixed travel passes. Luxembourg has elaborated a cross-border mobility scheme called SMOT with the region Lorraine in France and is currently preparing similar schemes with the neighbouring German Länder of Saarland Rhineland-Palatinate and with Wallonia in Belgium.
Congestion pricing is not used
Higher road prices, including congestion pricing and charges for parking, would help Luxembourg achieve the desired modal split -the share of different transport modes in total trips -and internalise road traffic externalities. A study by the European Forum of Transport Ministers on road pricing in a number of European cities concluded that taking into account all costs, including those related to the use of infrastructure, congestion and pollution, would require much higher prices for road traffic in urban areas. Road prices for small petrol cars would have to increase by 100% and more, depending on the city, in peak periods compared to 2000 prices. Addressing externalities effectively would require congestion pricing in addition to taxing fuels and charging for parking (ECMT, 2003) .
Road prices that take into account the costs of infrastructure use and externalities could lead to a decrease of passenger kilometres travelled by car by 15-30%, according to this study, while passenger kilometres travelled by bus or metro would increase substantially. Air pollution and CO 2 emissions would be reduced by up to 50% and the traffic speed during rush hours would increase by 10%. It should be noted that while fuel taxes can be a good approximation to CO 2 emissions and pollution, they cannot be differentiated to provide incentives to reduce congestion, noise and accident costs. Therefore, an ideal road pricing system would combine fuel taxes with other charges, such as congestion prices and tariffs for parking.
Levels of congestion on the main road transport corridors in Luxembourg are high and there are severe bottlenecks at the entrance to urban areas, notably in Luxembourg City. This results in unsafe driving conditions and noise in addition to high levels of emissions and local air pollution. Introducing a system of congestion charging around Luxembourg City and congested road bottlenecks would induce a shift towards public transport or sharing of car journeys. By charging for each trip, this policy solution would help to align the private costs of undertaking a journey with the congestion externality exerted on other road users. The government should consider the experience of similar schemes in London and Singapore. Such a scheme should be introduced in a non-discriminatory way for both residents and those living in other countries, which may require bilateral agreements with neighbouring countries to enforce the system on drivers with a foreign licence plate.
Increasing parking prices or differentiating them in line with scarcities is likely to be more efficient than Luxembourg's current system of restricting the number of parking places in Luxembourg City. To encourage the use of public transport for trips to work and an engagement of employers to facilitate this, Luxembourg has currently opted to limit the number of parking spaces that can be provided in new office developments. However, this is likely to bring about only very gradual changes. While reducing the number of parking places increases the private costs of car trips through longer search times for a parking place, it can also result in increased cruising for a spot. The associated external costs in terms of CO 2 emissions, pollution and congestion can be substantial (Shoup, 2011a) . Another option would be to increase parking fees for all parking places or to differentiate them over time, thus helping to manage demand, so that cruising for parking places along with the associated externalities is reduced. Such a system has recently been introduced in San Francisco and other cities in the US for curbside parking. Parking prices are adjusted to maintain one or two parking places free on each block, thus ensuring that drivers find a parking place relatively rapidly (Shoup, 2011b) . The government should consider whether such a system could contribute to a more efficient management of parking slots in Luxembourg City and other urban centres.
Urban planning and housing policies to control urban sprawl
Urban sprawl is significant in Luxembourg. Low population density areas have experienced much faster population growth rates than urban areas over the past 30 years, as many families have used their high and rising incomes to live in a detached house (Figure 10 ). The housing stock offers a large amount of square metres per person compared to other European countries ( Figure 11 ) and the share of homeownership is relatively high (Figure 12 ). At the same time, employment growth is concentrated in the centre-south around Luxembourg City. The ratio of jobs to residents who are in the labour force in Luxembourg City is 3.8:1. This compares to 1.4:1 in Frankfurt, another city that is well-known for its high share of commuters. This has led to a considerable increase in commuting within the country, with the share of commuters increasing substantially in all regions, apart from Luxembourg City (Figure 13 ). Lowdensity territorial development leads to more important soil sealing than necessary and it encourages the use of the car. 
Plans to reduce urban sprawl are behind target
Luxembourg's national concept for transport and territorial development (IVL) of 2004 seeks to address urban sprawl by proposing a denser territorial development around a few urban centres, some of which are underdeveloped now, such as the South, although they are well-equipped with public services and well-connected with public transport. The outskirts of Luxembourg City are now largely urbanised, but there is scope for further densification. This development would mark a turning point compared with previous trends.
The IVL sets out two scenarios, one where trends of a rapidly increasing share of cross-border commuters would continue, with 75% of new jobs filled by this group: and a second one, where Luxembourg would fill more jobs with workers who settle within the country. Only 40% of new jobs would be filled by cross-border commuters in this scenario. This has become the government's target, as reaching it would be the only realistic chance to realise its ambitious objectives to raise the share of public transport and walking and cycling in total trips. However, Luxembourg's plans to increase public transport and to achieve more compact territorial development are behind target. The population has increased more than foreseen, the number of cross-border commuters targeted for 2020 in the IVL was already surpassed in 2010 (see Figure 1) , and although the urban areas, that the government hoped to develop, are catching up, the share of citizens settling in areas away from those centres continues to be substantial (Figure 13 ). Potential development areas are smallest in urban areas that the IVL plans to develop (Ministry of the Interior, 2008), suggesting that significant action is needed to implement the national concept for transport and territorial development. There are 16 urban communes classified as a priority for urban development (Urban centres); 27 suburban communes linked to these 16 urban communes (Agglomeration) and finally, 63 rural communes classified as not being a priority for urban development (Other).
Source: CEPS/INSTEAD -Geography and Development Department, and STATEC.
Although the targets formulated in the IVL have been missed, as population growth and the share of workers settling across the border has been stronger than foreseen, the broad conceptual issues outlined in the IVL are still relevant. Policies to ensure better coordination between communal and national planning policies have only recently been introduced or are still being developed, but the government is now close to passing laws that would help put the plans outlined in the IVL into practice. The spatial planning law of 1999 is currently in the final stage of revision and legally binding primary sectoral plans for housing, landscape, transport and on economic activity zones are now finalised. They will enter the legal procedure which comprises a public consultation process during 2013 (Box 1). This will underpin the IVL with legally binding instruments, making it easier to implement the government's plans. Municipalities, which are effectively the only subcentral government level in Luxembourg, are very small and have traditionally had a lot of autonomy, making it difficult to coordinate territorial planning across the country. They are now required, by a law passed in 2004, to develop new general development plans (PAG), which have to be authorised by the central government, but deadlines for developing these plans have recently been postponed to 2015. The law was reformed in 2011 to simplify authorisation procedures and thus accelerate the process to a maximum of two years. The Housing Pact of 2008 introduced financial incentives for municipalities to mobilise land for building with higher payments for urban areas considered a priority for further development in the IVL. However, the share of these payments in overall transfers to municipalities is small and it thus remains to be seen how effective these payments will be in aligning communal and national territorial planning (Becker and Hesse, 2010) . Moreover, the payments are tied to population growth, rather than more concrete criteria connected with the government's desire to build more compact cities. This approach may have to be reviewed.
Box 1. Spatial Planning Reforms
The Spatial Planning Law of 21 May 1999 is currently in the final stage of revision. The objective is to develop legal instruments to better implement spatial planning policies. Consultation procedures related to land zoning will be simplified and sped up, by allowing simultaneous consultation with several bodies. The right of first refusal for the state will be extended and the expropriation law will be modified, so as to limit possibilities for speculation, by fixing the price applicable to any real estate that might be expropriated in the future at a date preceding the finalisation of sectoral plans underpinning the law. Future adjustments will be limited to increases in the general consumer price index. Four primary sectoral plans will enter the legal procedure which comprises a public consultation process during the course of 2013, once the new spatial planning law is passed. These plans will implement the political objectives of the master programme for territorial planning and the IVL with legally binding instruments. They also seek to improve the coordination of territorial planning throughout the country.
Primary sectoral plan for Housing (plan directeur sectoriel Logement PSL)
The main objective of the PSL is to foster the construction of housing with a focus on development in urban centres that are well connected to public transport and other public services. The PSL defines the scope for growth in the number of housing units, which is higher in urban municipalities than in municipalities with a more rural character. Depending on its category minimum and maximum housing densities are then defined for each municipality. The main implementation instruments are the general development plans (PAG) and the specific development plans (PAP). All municipalities will have to define priority areas for urbanisation, in order to avoid unorganised local development. Moreover, the PSL reserves around 500 hectares of land to be acquired by the government in order to develop largescale housing projects in line with ecological and social criteria to limit the shortage of affordable housing. Up to 44 000 inhabitants should benefit from new housing that will be developed within these projects.
Primary sectoral plan for Transport (plan directeur sectoriel Transports PST)
The primary sectoral plan for transport describes the transport policy projects and measures that require a regulatory framework. It defines legal instruments to introduce a parking management system for all urban areas and to promote cycling and walking. It also reserves land for new transport infrastructures. It sets priorities for key infrastructural transport projects, with a special focus on public transport.
Primary sectoral plan on economic activity zones (plan directeur sectoriel Zones d'activités économiques PSZAE)
The main objective of the PSZAE is to shape economic development while taking into account territorial development objectives. The plan reserves around 550 additional hectares, mainly for the development of crafts and industrial activities until 2030. The PSZAE defines regional and national economic activity zones with a focus on extending existing ones; mandates municipalities to reclassify certain areas, which are not suitable for economic development; and imposes strict ecological criteria and requirements in line with the national territorial planning objectives for new economic area zones.
Primary sectoral plan for Landscape (plan directeur sectoriel Paysages PSP)
The PSP provides a framework for landscape management and planning to safeguard the quality of life, landscapes and ecosystems. The plan defines conservation areas, guides the development of rural landscapes and defines green belts between major urban areas to limit urban sprawl.
The Housing Pact also provided municipalities with some new housing policy instruments. This includes the right of first refusal that is the right for the municipality to buy any property that is on sale, although it remains more limited than in neighbouring countries. There are also some fiscal and administrative measures, including the possibility to levy surtaxes on empty housing and on land whose owner could have obtained a construction license for several years, but chose not to engage in any development. This could help promote greater flexibility of land and housing supply in urban areas, thus increasing densification. The government should monitor whether the new instruments for communal planning and housing policies help to foster territorial development which is more in line with the IVL. If needed, it should take further measures. Merging Luxemburg's exceptionally small municipalities, which have a high degree of autonomy, could also contribute to better coordination of territorial planning, of water management, which is discussed below, and other policy areas. The number of municipalities has already been reduced from 116 to 106 and the government hopes to reduce it further to 80.
The trends towards urban sprawl and increases in cross-border commuting are related to house prices in Luxembourg, as workers find it too expensive to settle close to their job. Housing in Luxembourg City is among the most expensive of European cities and residential property prices increased rapidly until 2009. They are somewhat lower within Luxembourg further away from the centre and much lower right across the border (Figure 14, Figure 15 ). The supply of land and housing is constrained by a number of policies. Cumbersome regulations and exceptionally low property taxation encourage land hoarding when further price increases are expected. Administrative procedures related to building authorisation cover multiple administrative fields and require complex coordination among different actors, thus often delaying permissions to build. Housing policy has been further complicated by the fact that the right of expropriation has been blocked since 2003 and the right of first refusal has only been introduced with the Housing Pact law at the end of 2008. However, through the revision of the spatial planning law of 1999 the government hopes to narrow real estate speculation in the planning process significantly and to make expropriation easier. The government has taken steps to promote more flexible supply. It has recently simplified land planning procedures and set a time limit on finalising PAGs. There is also a five year review of construction permit procedures. The government should consider speeding the review and move swiftly to simplify procedures. It should move to increase property taxes by updating land and building values. Taxes are now based on values of 1941. At a minimum, undeveloped land that is zoned as a building area should be taxed like developed land, rather than -much more lightly -like agricultural and forest areas, as it is today. The government has recently introduced the possibility for municipalities to surtax vacant land and buildings, which is being taken up in one municipality, Esch. Other municipalities are considering it. The government should review results and consider applying such a tax in all those municipalities, which are a priority for urban development in the IVL. The government is also considering deadlines to start development, after buying land that is zoned for construction. If developers fail to meet this deadline the permission to build on this land can be withdrawn. This can be a good alternative to counteract landhoarding. Given the importance of having competition in the residential construction sector (Barker, 2004) and the small size of the Luxembourg market, a review of the functioning of competition in this sector would be warranted. Concentration rates in the construction sector are very high (Ecorys, 2008) , with the four largest firms accounting for at least 75% of turnover in onsite construction and manufacturing of construction materials, and the market share of foreign firms was below 10%, ten years ago, when this issue was last explored (Commission du Bâtiment, 2004) . A study that updates this analysis should be conducted by the competition authority.
Policies favour owner occupation of housing over renting and applying more neutral policies might promote supply of affordable housing and promote residential mobility. The share of owneroccupied housing is large in Luxembourg compared to neighbouring countries (see Figure 12) . At the same time, it is easier for tenants than for homeowners to move closer to work when they change jobs, and thus a better supply of apartments for rent might be conducive to shorter trips, favouring walking and cycling. While tax relief for owner-occupied housing is not high in international comparison (Andrews et al., 2011) , there are a range of subsidies for building or renovating owner-occupied housing, including interest subsidies, a bonus for construction or renovation, a subsidy for registration fees and a generous reimbursement of VAT for constructing or renovating housing property. In contrast, the share of social housing is low in international comparison (Figure 16 ). Unlike in other OECD countries, very few citizens receive cash allowances to subsidise theirs rents (Andrews et al., 2011) . SWE  DNK  CZE  FRA  GBR  FIN  POL  IRL  DEU  BEL  ISR  NZL  ITA  AUS  USA  EST  SVN  NOR  HUN  PRT  LUX  CHE  SVK  GRC  ISL  ESP  MEX  TUR  CAN  JPN The government should review the generous subsidies to acquire, build or renovate housing and consider better targeting to promote its objectives. Only few subsidies are targeted to lower-income households and none are tied to Luxembourg's objectives to promote the density of territorial development or other ecological objectives. Subsidies should be reviewed, not least in light of the danger that, in conjunction with relatively inflexible supply of building land, they might simply be capitalized in higher prices. The government should consider targeting subsidies to ecological criteria, such as the compactness of new buildings, whether their position is in line with IVL objectives and the ecological quality of building materials. Subsidies could also be tied to social objectives, such as projects that would offer affordable housing for rent. More targeted support would free resources that the government could use for a more active role in social housing, which would help to enhance the supply of affordable dwellings. In fact, the government envisages using its right of first refusal to buy land to be established through the revision of spatial planning law. This land will be used to develop major housing projects in line with the primary sectoral plan for housing and using new planning law instruments to speed up procedures. More balanced support for owner-occupied housing and housing for rent could also enhance residential mobility, making it easier for citizens to move closer to their jobs and reducing the need to commute by car.
Water infrastructure and management
Overall, the water use in households, industry and agriculture is low compared to other developed countries, reflecting the low use in agriculture. There is little loss through leakage as many of the water supply systems have been upgraded over the last 10 years and the demand for water from industry has decreased with the improvement of industrial processes, notably in the metallurgy sector. However, household consumption has increased by 1.35% per year over the last 15 years, reflecting the country's strong demographic growth and the steady increase in cross-border workers (EAA, 2010).
Water management and infrastructure will have to improve to reflect Luxembourg's high level of development. At least 70% of surface water is likely to fall short of the EU's 2015 targets for chemical and biological quality as determined under the EU Water Framework Directive (EEA, 2015) . While the pollution level in watercourses has decreased slightly in recent years, 39% of watercourses are still heavily polluted and 54% are moderately polluted. With regard to drinking water, sources have not yet been protected through regulation of pesticide and nutrient use in their surroundings, although there has been a legal obligation to do so dating back more than 15 years. By the standards of the EU Ground Water Directive, two of five ground water bodies are considered to be in poor qualitative status regarding nitrates and pesticides, and some show clear signs of deterioration. While 95% of the population is connected to a waste water treatment plant, which is high in international comparison, only 36% are connected to a tertiary treatment station, which would improve water quality e.g. through nutrient removal, even though the entire country is classified as a sensitive area under the EU Urban Waste Water Treatment Directive. This compares to more than 90% in Germany. Combined sewage and rainwater interceptors can pose problems when heavy rainfalls cause overflows and untreated sewage flows into rivers or lakes. A dualchannel system to separate rainwater, which can re-infiltrate the water table naturally, and sewage requiring purification is still not in place, except in the cities of Luxembourg and Esch-sur-Alzette and in new housing developments.
In October of 2011 the European Commission referred Luxembourg back to the European Court of Justice for poor treatment of urban waste water. The Court had previously ruled in November 2006 that Luxembourg was failing in its obligation to treat and dispose of urban waste water in an adequate manner. Several sewage treatment plants do not yet comply with EU legislation, including in the capital.
The government has taken some steps to tackle these issues. Financial assistance to the municipalities from the Water Management Fund has been doubled to help them cover 90% of investments in sewerage and sewage treatment. The government passed a Water Act in 2008 to transpose the EU Water Framework Directive and Floods Directive into national law. The law introduces the principle of full cost recovery for drinking water and urban sewage treatment. In addition to water supply and sanitation service charges, which are levied by the service providers, the law introduces an abstraction tax and a pollution tax. The resulting income goes to the Water Management Fund. The abstraction tax is levied on anyone who draws surface water or groundwater and is based on the volume of water drawn. The discharge of waste water into surface or underground water sources is subject to a pollution tax. The tax is proportionate to the units of pollutant load in the water discharged. Delimitations of ground water protection zones are now about to be established. Technical studies have started in 75% of the catchment areas and a by-law has been passed in May 2012, detailing the measures that are needed to protect groundwater. Measures to construct or upgrade sewage systems that do not comply with EU standards have been completed in some cases. They are ongoing or planned in others. Dual-channel systems are mandatory in new building areas. The government plans to upgrade existing single-channel systems with retention basins and other infrastructure to limit pollution due to combined sewage overflows. The government should quickly delimitate ground water protection zones and finalise the necessary upgrades of sewage infrastructure.
Box 2. Recommendations to promote greener growth
• Continued substantial investment in public transport to offer an alternative to the automobile. To reduce Luxembourg's carbon emissions, increase taxes on petrol and diesel by gradually eliminating the price differential with neighbouring countries. Consider introducing a system of congestion charges. Further enhance co-operation with adjacent regions to increase the capacity of the public transport system.
• Speed up procedures for granting construction permits. Raise property taxes by updating property values used as a tax base. Widen the application of the surtax on vacant houses and land applied in some municipalities to other areas. Move forward with plans to impose deadlines for starting and finalising development on land that is zoned as a construction area.
• Ensure that the four primary sectoral plans are implemented, including through development of new communal general development plans and the use of the new local housing policy instruments.
• Target subsidies for building a home based on social and ecological criteria.
• Remove environmentally harmful tax subsidies, such as reduced VAT rates on solid mineral fuels, natural and liquefied petroleum and electricity. Introduce congestion charges and parking prices.
• Delimitate water protection zones swiftly and upgrade sewage system infrastructure to improve water quality. 
